Tin monosulphide (SnS) nanoparticles were synthesized by simple chemical method at ambient temperature. Stannous chloride (SnCl 2 · 2H 2 O) was use as a source for Sn +2 ions and sodium thiosulphate pentahydrate was used as a source for S −2 ions. The energy dispersive analysis of X-ray (EDAX) and X-ray photoelectron spectroscopy (XPS) techniques were used for stoichiometric characterization of the synthesized nanoparticles. While, structural characterization was done by X-ray diffraction (XRD). The particles size was determined from XRD using Scherrer's formula and Hall-Williamson plot. Optical absorption spectrum obtained by spectrophotometer showed sharp absorption edge at 520 nm, which acknowledged the occurrence of blue shift. The photoluminescence (PL) spectra of synthesized SnS nanoparticles for two excitations at 450 nm and 500 nm showed sharp emission peak at 825 nm. The transmission electron microscopy (TEM) image showed spherical shape of the synthesized SnS nanoparticles. The morphology of the synthesized nanoparticles was investigated employing scanning electron microscopy (SEM). The obtained results are discussed in details.
INTRODUCTION
Studies of semiconductor nanocrystals offer the opportunities to analyze the evolution of the bulk materials properties as the size of the system increases to molecular scale. 1 2 Research on semiconductor nanostructure with size dependent structural, optical and topographical properties were motivated by its potential applications. 3 Nanomaterials have attracted great interest due to their intriguing properties different from those of their corresponding bulk state. As a class of semiconductors, metal chalcogenide semiconducting nanoparticles especially transition metal sulfides have been extensively studied. They have been potentially used in the areas of non-linear optics, electronics, luminescence, catalysis, energy storage and conservation, as well as others. [4] [5] [6] [7] [8] [9] [10] Moreover, the bandgaps of these nanoparticles are size dependent, as particle size decreases, the bandgap increases, and therefore tunable. [11] [12] [13] [14] [15] As particles size becomes smaller, the ratio of the surface atoms to those in the interior increases, leading to a significant influence on the properties of the materials surface. 16 In recent time, IV-VI group semiconductor compounds have attracted lots of interest due to their optoelectronic properties. [17] [18] [19] [20] One of the candidates from this IV-VI group, tin monosulphide (SnS) usually exhibit p-type conduction and is reported to have a direct bandgap of about 1.3 eV. [21] [22] [23] This bandgap is comparable to silicon and is in the optimum range for solar photoconversion. The SnS has also been studied as a potential material for nearinfrared detector, 24 25 as photovoltaic and solar conversion material 26 and as a holographic recording medium. 27 In addition, SnS has an advantage of its constituent elements being abundant in nature and is environmentally benign without causing any health hazards. In this research paper, the authors report the simple chemical synthesis and characterization studies of SnS nanoparticles.
EXPERIMENTAL DETAILS

Synthesis of SnS Nanoparticles
In the synthesis of SnS nanoparticles, AR grade chemicals were used and all solutions were prepared in double distilled water. 7 . The final volume of the solution was made 100 ml by adding distilled water. The final solution was kept at ambient temperature for 1 hour. The solution gradually turned brown-black in color. The particles from the beaker was filtered, washed with distilled water and absolute methanol for several times to remove the impurity and then dried in oven at 45 C for 2 hour to get particle yield.
Characterization
The EDAX analysis of the as-synthesized SnS nanoparticles was done by energy dispersive analysis of X-ray (EDAX) attached to XL 30 ESEM scanning electron microscope. The X-ray photoelectron spectroscopy (XPS) analysis was performed on VSM ESCA spectrometer employing AlK (h = 1486 6 eV) X-ray as excitation source and operating in the fixed analyzer transmission electron mode. The XRD pattern was recorded on a Philips Xpert MPD X-ray diffractometer using graphite monochromotized CuK radiation ( = 1 5405 Å). The scanning rate of 10 min −1 was applied to record the pattern in the 2 range of 3 -90 . The optical absorption spectrum of as synthesized nanoparticles was recorded using Perkin-Elmer Lambda-19 spectrophotometer. The photoluminescence spectra of the synthesized SnS nanoparticles were obtained employing FluoroMax-Compact Spectrofluorometer. The TEM analysis was carried out in Philips, Tecnai 20 microscope by operating at an acceleration voltage of 200 kV. The sample for TEM analysis was prepared by solutions of the powder samples dispersed in a solvent by sonication were drop-coated on carbon coated copper grids and the solvent was allowed to evaporate under ambient conditions. The excess solvent was removed by vacuum drying. The SEM micrograph was obtained using the microscope used for EDAX analysis.
RESULTS AND DISCUSSION
The EDAX analysis spectrum of the synthesized SnS nanoparticles is shown in Figure 1 . The obtained results of weight% and atomic% of elements are tabulated in Table I along with standard calculated data. The EDAX data shows that the synthesized SnS nanoparticles were slightly rich in tin content. Only Sn and S peaks were observed, stating the synthesized particles to be free from any impurity.
The electron binding energy as well as the surface chemical composition of SnS nanoparticles was analyzed by X-ray photoelectron spectroscopy (XPS). The XPS spectra are shown in Figure 2 . The survey XPS of the sample is shown in Figure 2 (a). The binding energy values obtained in the XPS analysis were corrected by referencing the C 1S peak to 284.6 eV. As shown in Figure 2(b) , the peaks at 486.82 and 495.36 eV correspond to the All these values agree with the reported values. 28 The peak at 530.65 eV is due to O 1S resulting from tartaric acid (C 4 H 6 O 6 ) on the surface of SnS nanoparticles. No other impurity peaks except C and O are observed. The elemental quantitative data obtained from the XPS spectra is tabulated in Table I along with the standard calculated data.
The XPS data of SnS nanoparticles shows that the synthesized nanoparticles were tin rich, which is in agreement with the EDAX data. The stoichiometric ratio of Sn:S was found to be 1.07:0.92 from EDAX and 1.13:0.87 from XPS, indicating that the nanoparticles are in accordance to the stoichiometrical formula of SnS.
The XRD pattern for the as-synthesized SnS nanoparticles is shown in Figure 3 The crystallite size was calculated using DebyeScherrer's formula 29 for different X-ray reflections;
Where K is the shape factor (taken as 0.9), is the wavelength of X-ray (1.5405 Å), is the angular line width at half maximum intensity and is the Bragg angle in degree. The crystallite size determined from the X-ray diffraction pattern using Scherrer's formula for different reflections is tabulated in Table II . The average crystallite size estimated from the XRD analysis using Scherrer's formula came out to be ∼7.44 nm. The crystallite size and the micro strain in the assynthesized SnS nanoparticles were estimated by HallWilliamson 30 relation.
The Hall-Williamson equation incorporates the Scherrer's formula of crystallite size and the micro strain terms. Here is full width at half maximum (FWHMs) of the diffraction peaks. The relation is expressed as a linear combination of the contributions from the strain ( and crystallite size (L). The plot of ( cos / versus 4 sin / for the assynthesized SnS nanoparticles is shown in Figure 4 . In line to the Eq. (2), the plot is a straight line in which the reciprocal of an intercept on ( cos / axis gives the average crystallite size and the slope gives the residual strain. The crystallite size determined from the intercept comes out to be ∼5.93 nm. The residual strain obtained from the slope of the plot is −0.0035 for the as-synthesized SnS nanoparticles. The negative value of the residual strain for the SnS nanoparticles indicates it to be the compressive strain.
The representative optical absorption spectrum obtained for the SnS nanoparticles is shown in Figure 5 . In the optical analysis, the clear colloid obtained after sonication of SnS nanoparticles dispersed in acetone was used as sample and acetone was used as reference. The obtained spectrum clearly specify that the synthesized SnS nanoparticles have high absorption in the visible range having absorption edge at 520 nm corresponding to an energy value of 2.38 eV.
The energy bandgap E g was determined from the optical absorption data using the near-band edge absorption relation.
Fig . 5 . Absorbance spectrum of SnS nanoparticles.
Where, n characterizes the transition. For direct allowed and forbidden transitions, n = 2 and 2/3 respectively, and n = 1/2 and 1/3 for indirect allowed and forbidden transitions, respectively. The absorption coefficient ' ' was calculated employing the relation.
Where A is the absorbance of the light through sample, is the density of SnS, c is the sample concentration dispersed in acetone, M is the molecular weight of SnS and l is the path length of light.
The analysis of Eq. (3) showed that, n = 2 fitted for the as-synthesized SnS samples confirming direct allowed transition. The Figure 6 shows the plot of ( h 2 versus h for SnS nanoparticles. The intercept of the straight line on the photon energy axis gives the bandgap value E g of 1.52 eV. This obtained bandgap value of nanoparticles was found to be higher than the bulk SnS bandgap, clearly stating blue shift arising due to size effect.
The photoluminescence spectra of the as-synthesized SnS nanoparticles are shown in Figure 7 , for two excitation wavelengths 450 nm and 500 nm. At both the excitations, the emission peak is at 823 nm corresponding to 1.51 eV. This emission peak energy of PL matches the energy bandgap calculated from the UV-VIS spectroscopy. The emission peak is due to the radiative recombination of quantum confined electron-hole pair whose energy is comparable to the energy bandgap of nanoparticles. No extra emission peak was observed, corroborating the absence of any other impurities, defects and trap centers in the sample, thus confirming the synthesized nanoparticles to be of SnS only. The TEM image of the as synthesized SnS nanoparticles is shown in Figure 8(a) . The TEM morphology shows particles have spherical shape. The average particles size estimated is less than 10 nm.
The selected area electron diffraction pattern of assynthesized SnS nanoparticles is shown in Figure 8(b) . The diffraction pattern of SnS nanoparticles shows the ring pattern substantiating polycrystallinity.
The SEM study on the as-synthesized SnS nanoparticles reveals the surface topography. The typical SEM image of the SnS nanoparticles is shown in Figure 9 . The SEM micrograph shows SnS nanoparticles to be spherical in shape and homogeneously distributed. They are densely packed possessing compact texture with no holes or cracks.
CONCLUSIONS
A simple chemical method has been utilized successfully for synthesis of SnS nanoparticles. The EDAX and XPS analysis of the synthesized SnS nanoparticles confirmed near perfect stoichiometry having no impurity. The XRD showed the synthesized SnS nanoparticles to be single phase possessing orthorhombic structure. The crystallite size determined from XRD data using Scherrer's formula is 7.44 nm and Hall-Williamson plot is 5.93 nm. Optical absorbance spectrum showed the occurrence of the blue shift signifying the quantum size effect in the sample. The direct bandgap of 1.52 eV was estimated from the optical analysis. The photoluminescence spectra for two excitation wavelengths of 450 nm and 500 nm showed only single emission peaks at nearly 823 nm (∼1.51 eV). The TEM image of SnS nanoparticles shows that, the particles are spherical in shape, having average particle size less than 10 nm. Selected area electron diffraction pattern of SnS nanoparticles showed ring pattern, which confirm the synthesized SnS nanoparticles to be polycrystalline in nature. The SEM micrograph of SnS nanoparticles showed the particles are homogeneous and densely packed possessing spherical shape.
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